Objective: The objective of the study was to assess iron status in women of different physiological staus of two socio-economic groups in Bangladesh. Design: Cross sectional study, using 3-day food record and blood haemoglobin, serum iron, serum ferritin concentrations. Setting: Two regions of Bangladesh. The Dhaka city area and west region of Nandail, Mymensingh. Subjects: Women aged 16 ± 40 y. The low socio-economic group (group L, n 101) consisted of rural women with precarious income levels. The high socio-economic group (group H, n 90) consisted of women with high income and educational levels. The groups were composed of three sub-groups (non-pregnant non-lactating 1, pregnant 2 and lactating 3). Results: There was no signi®cant difference between the corresponding sub-groups of the two socio-economic groups in dietary intake of iron. In all sub-groups, the intake of iron was much higher than the RDA level and mainly based on non-haem iron. Blood haemoglobin (B-Hb) concentration (P 0.000), serum iron concentration (P 0.005) and serum ferritin (SF) concentration (P 0.000) were affected by socio-economic status. Physiological status (PS) in¯uenced the B-Hb concentration (P 0.000). Prevalence of anaemia ranged from 63 to 70% in group L and 27 to 66% in group H, respectively. The prevalence of empty iron store (SF concentratioǹ 12 mgal) ranged from 35 to 59% in group L and 15 to 32% in group H, respectively. The prevalence of anaemia and iron de®ciency (70 and 35% for sub-group L2; 66 and 32% for sub-group H2, respectively) were similar in the pregnant subjects of the two groups. Conclusions: Subclinical iron de®ciency was common in women of low socio-economic status. The pregnant subjects in the two groups was similar as regards iron status. Sponsorship: The study was supported by the Academy of Finland, University of Helsinki and NorFa, Norway.
Introduction
It is well recognised that iron de®ciency is one of the major nutritional disorders of the world (ACCaSCN, 1991) and its most common clinical consequence is anaemia (Skikne, 1988) . The aetiology, degree of prevalence, prevention, treatment, factors affecting iron status, methods and criteria used for diagnosis of iron de®ciency have been the subject of numerous studies, reports and comprehensive review articles over the last decade.
Nutritional anaemias are considered to be one of the most common nutritional disorders of the world and are widespread in developing countries (ACCaSCN, 1992) .
Over one billion people of the world, especially reproductive-aged women, preschool children and pregnant women suffer from anaemia. The overall prevalence of anemia among women in developing countries is 42%, equivalent to just over 370 million women (ACCaSCN, 1992) . Iron de®ciency is also a frequently identi®ed nutritional disorder in developed countries (Beaton, 1974) . Iron de®ciency anaemias of increasing severity are associated with fatigue, weakness, palpitation (Gardner et al, 1977) reduced work capacity (Edgerton et al, 1979; Wolgemuth et al, 1982; Husaini et al, 1983; Sholz et al, 1997) , impaired temperature maintenance (Dillman et al, 1980) , diminished learning ability (Pollitt, 1990) , increased susceptibility to infection caused by abnormalities in cell-mediated immunity, and a greater risk of death associated with pregnancy and childbirth (ACCaSCN, 1992) .
A high prevalence of nutritional disorders are particularly associated with population groups of low socioeconomic status (Elvira & Elba, 1991) . High cost of meat and fresh fruits limits the consumption which results in low dietary intake of iron in the under-previliged group. The prevalence and severity of iron de®ciency is considerably greater in women than in men because of superimposed requirements related to reproduction like menstruation, pregnancy and lactation (Elvira & Elba, 1991) . Reduced dietary iron availability, increased iron requirements to meet reproductive demands and losses due to parasitic infections are considered as the causes of iron de®ciency (ACCaSCN, 1992) . Non-haem iron is the major source of iron in the diet of women of low socio-economic groups in Bangladesh and this form of dietary iron is poorly absorbed.
There is little published data regarding iron de®ciency based on biochemical assessment in premenopausal women in Bangladesh. In this study we have for the ®rst time assessed iron status using biochemical methods as well as dietary assessment in two socio-economic groups of premenopausal Bangladeshi women with different physiological status.
Subjects and methods

Subjects
A total of 191 women from two socio-economic groups (low socio-economic group L group, n 101 and high socio-economic group H group, n 90) aged 16 ± 40 y participated in this study. The subjects in the high and low socio-economic groups were selected from the central (Dhaka city area) and north central regions (Nandail, Mymensingh) of Bangladesh, respectively.
The socio-economic status of the subjects was based on family income level. Group L consisted of women in the households of daily labourers, beggars, landless individuals, landless farmers and farmers with small holdings. The area is located by the side of the shallow water river Kachamatia, a tributary of the Brahmaputra which dries out during the dry season (October to May). It is in a¯ood-prone plain zone of the country which is also affected by drought during the dry season almost every year. Considering poor socio-economic and unsanitary condition as well as inadequate health facilities, this is a typical area of Bangladesh dominated by destitute people. The population of this area largely subsists on rice cultivation with some cash cropping of jute and spring harvest. Two main crops (rice) are grown in this location, one harvested in December (Aman) and the other in June (Aush).
The group H subjects were selected from urban af¯uent families of high income and educational level such as those of businessman and high of®cial households (government, non-government, private or self owned organisation) living in buildings with modern facilities. Two locations in the newly developed part of Dhaka city area (Malibag Chowdhurypara and Nakhalpara) were chosen for this group. The purpose of the present study was explained to the potential subjects through direct communications, family connections and a community network. They were asked to consent to participate in the study. In some cases the permission of husband and parents-in-law was sought for the subjects to participate. The response rate was about 90% in each location.
In fact, illiteracy made the ®eld study dif®cult in the low income group. Women in this group are dependent on men for their economic livelihood. Considering this fact the ®rst approach was to contact the community leaders, explain the purpose of the study and ask for co-operation. The community leaders were often uncooperative and they sometimes even misguided the illiterate husband of the subject with false information. We changed this strategy and went to the subjects with female ®eld workers to motivate them as well as their husbands and mothers-in-law. We explained the objective of the study in an understandable way. A small monetary reward was given to the subjects in this group which greatly encouraged them to participate in the study. Using this approach the response rate was practically 100%.
As the subjects in the low income group were selected from an illiterate community in one location, the cultural features in this group were similar. In Bangladesh, women, particularly those in low income group, are very much afraid of giving blood samples. Therefore, ®rst of all the blood sample was collected. The collection of socioeconomic information, dietary and anthropometric studies were carried out sequentially only from those who had given a blood sample. Based on physiological status of the subjects, each group comprised three sub-groups (nonpregnant non-lactating 1, pregnant 2 and lactating 3). At ®rst, all information including blood samples was collected from the sub-group 1. The ®eld work was carried out on sub-group 2 and sub-group 3 subjects sequentially. The pregnant subjects of the present study were at late ®rst trimester to beginning of second trimester of their pregnancy and lactating subjects were within 2 y of lactation. The study was conducted during February to March and April to May in 1995 for low income and high income women, respectively. None of the subjects reported any iron, vitamin C and folic acid supplementation. The study was approved by the ethical committee of the Faculty of Agriculture and Forestry, University of Helsinki. The ethical guidelines of the University of Dhaka were also followed during ®eld study in Bangladesh.
Collection of data on dietary intake
The information regarding dietary intake was collected for 3 days in total including one Friday which was at that time a weekly holiday in Bangladesh. The subjects were asked to maintain their normal dietary practice. The ®eld workers collected dietary information of the subjects in a given area and were present at their houses during their every meals. The ®eld workers recorded the dietary intake of each food item used by the study subjects by the food record method. Subjects were instructed to report the food and beverage taken between meals and to describe the portions in terms of measures provided which were recorded by the ®eld workers during following visits on the same day.
The female ®eld workers selected for this study were familiar with the local languages and dialects, local customs, culture and food practices of the subjects of both locations as they were residents of the city of Dhaka and they were originally from the district of Mymensingh.
The recorded food were coded by food items and weight measured in grams using the Food Quantities Manual and Food Code List of the Institute of Nutrition and Food Science, University of Dhaka. The average daily energy and nutrient intakes were calculated using the computerised version of the Bangladesh food composition database promoted by the Institute of Nutrition and Food Science. The average intake over 3 days was calculated for each individual.
Sample collection and laboratory measurement
Blood samples were collected in the morning after an overnight fasting of the subjects by disposible syringe through venepuncture and a maximum of 5 ml blood was taken. An aliquot of this blood (20 ml) was taken in a heparinized microtube immediately after collection of the blood sample for the measurement of the blood haemoglobin concentration. The remaining blood sample was kept at 25 C and allowed to clot for 2 h. The serum was separated after complete centrifugation of blood samples, collected and stored at a temperature of 720 C. Finally, serum samples were transported to Helsinki with dry ice and preserved at 720 C at the Division of Nutrition, Department of Applied Chemistry and Microbiology, University of Helsinki for further analysis.
Blood haemoglobin concentrations were measured by the cyanmethaemoglobin method. The serum iron concentrations were measured using routine laboratory method. The serum ferritin conentrations were determined by the radioimmunoassay method with kit from Nichols Institute (San Juan Capistrano, California, USA). The inter and intra assay CVs for serum ferritin were 6 and 4%, respectively.
Serum ferritin concentrations less than 12 mgal were considered as depleted iron stores as it is the most commonly used cut-off value. Anaemia was de®ned as haemoglobin levels`120 gal for non pregnant females and 110 gal for pregnant women (DeMaeyer et al, 1989) . Iron de®ciency anaemia was considered to be present when blood haemoglobin and serum ferritin concentration fell below listed cut-off values (Cook et al, 1992) .
Statistical analyses
The statistical analysis was carried out using w 2 test and two-way analysis of variance (ANOVA). Post-hoc analyses between the sub-groups of two socio-economic groups with similar physiological status were made with two sided t-test using Bonferroni correction (Munro, 1993) . Results are expressed as means and standard deviations. The Mann ± Whitney U-test was used for skewed distribution of variables. Taking Bonferroni correction into account the signi®cance level P`0.0167 is used (when three sub-groups are compared). The Spearman correlation coef®cient was used to estimate the relationship between vitamin C intake and biochemical variables. The analyses were carried out with Stata Statistical Software (1997).
Results
No signi®cant difference was found in the dietary intake of iron between the sub-groups of the two groups. The dietary intake of iron was about twice as high as the recommended level in all sub-groups of the two socio-economic groups (Figure 1) . The dietary sources of iron were different in the two groups. More than 87% of the total iron intake in group L was covered by cereal sources whereas it was 68% in group H. Meat and fruits were absent from the diet of subgroup L1. In the other two sub-groups (L2 and L3), meat contributed only about 0.20% of total daily iron intake but in group H meat covered 2.44% of the total iron intake. The intake of vitamin C was also assessed (Table 1) as it may affect the intestinal absolution of non-haem iron. The Figure 1 Dietary intake of iron in sub-groups of the two socio-economic groups (the bars indicate the standard deviation). intake was far below the RDA level and signi®cantly lower (P`0.000) in all sub-groups of the group L compared with the corresponding sub-groups in group H. The intake of vitamin C was above the RDA level in all sub-groups of the group H.
The mean values of blood haemoglobin, serum iron and ferritin concentrations are presented in Tables 2 ± 4 . According to the World Health Organization the cut-off value of haemoglobin for anaemia is 110 gal throughout pregnancy and 120 gal for non-pregnant women. Considering these criteria the blood haemoglobin concentrations were found generally below the normal ranges in the majority of the subjects in sub-groups of group L with the exception of a few cases. Blood haemoglobin levels below the normal range were observed in 63% of L1, 70% of L2 and 66% of L3 subjects, respectively. About 27% of H1, 66% of H2 and 33% of H3 subjects had haemoglobin levels below the normal range. The blood haemoglobin concentrations were signi®cantly lower in sub-groups L1 and L3 of group L compared with their corresponding subgroups in group H (L1 vs H1, P 0.001; L3 vs H3, P 0.000) but no signi®cant difference was detected between sub-groups L2 and H2 (P 0.100). In terms of serum iron concentration a signi®cant difference was observed between sub-groups L1 and H1 (P 0.003); L3 and H3 (P 0.000) whereas the difference was not statistically signi®cant between sub-groups L2 and H2 (P 0.860).
In this study data on serum ferritin values was missing for 18 subjects (eight subjects in group L and 10 subjects in group H). The serum ferritin value was signi®cantly lower in sub-groups L1 and L3 of group L compared with their corresponding sub-groups in group H (L1 vs H1, P 0.001; L3 vs H3, P 0.000) whereas the difference was not statistically signi®cant between sub-groups L2 and H2 (P 0.865). Serum ferritin concentrations of`20 mgal, corresponding to low or depleted iron stores (Borch-Iohnsen et al, 1990), was detected in 68.5% of group L subjects and 36% of group H subjects, respectively. The study showed that low to empty iron stores (serum ferritin valuè 20 mgal) were signi®cantly associated with socio-economic status, prevalence being 71% in L1, 50% in L2, 81% in L3 compared with 32% in H1, 50% in H2, 25% in H3, respectively. Serum ferritin levels`12 mgal indicative of empty iron stores or complete exhaustion of iron stores (Expert Scienti®c Working Group, 1985) were observed in 64 subjects of the two groups distributed as 46 subjects (49.5%) in group L and 18 subjects (22.5%) in group H, respectively. The varying prevalence of empty iron stores was detected in the sub-groups and distributed in 59% of L1, 35% of L2 and 53% of L3 subjects compared with 21% of H1, 32% of H2, 15% of H3, respectively. The study showed that 31% of subjects in sub-group L3 had serum ferritin concentrations`6 mgal. Two women of sub-group H1 had somewhat higher serum ferritin values (155 and 165 mgal, respectively), but none of other sub-groups of groups L and Comparison between corresponding sub-groups. P-value calculated by a two sided t-test after two-way analysis of variance.
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H had serum ferritin concentrations b 150 mgal indicative of iron overload in menstruating women (Expert Scienti®c Working Group, 1985) . Serum ferritin values and distribution of subjects in sub-groups are presented in Table 5 . In this study, we observed a strong correlation (r 0.682, P=0.000) between serum ferritin and blood haemoglobin (Figure 2A and B) . Serum ferritin and iron also signi®cantly correlated with vitamin C intake (r 0.25, P 0.001 and r 0.313, P 0.000, respectively).
Discussion
The purpose of the present study was to assess the dietary intake of iron and prevalence of anaemia and iron de®-ciency in the groups studied. The iron intake was almost twice the RDA in both groups L and H (FAOaWHO, 1988) and no signi®cant social class difference in iron intake was detected. The observed iron intake was similar to that of previous studies carried out in women of Bangladesh (Ahmed & Hassan, 1983; Ahmed, 1993; Jahan, 1996) . Although the sources of dietary iron were different in the two socio-economic groups, cereal (mainly brown rice) was found to be the main contributory source of dietary iron in both groups. In group L, more than 80% of the dietary iron was contributed by cereal sources and this was in agreement with previous studies (Ahmed & Hassan, 1993; Ahmed, 1993; Jahan, 1996) . This non-haem iron is known to have a low bioavailability (Monsen, 1988) . Vitamin C enhances the bioavailability of non-haem iron but the intake was far below the recommended level in all the sub-groups of the low income group. The actual amount of iron absorbed could be considerably lower. Haem iron intake was minimal as meat and ®sh consumption was very low in this group.
The mean blood haemoglobin concentration in the non-pregnant non-lactating subjects in both groups was somewhat higher than in the other sub-groups in the corresponding socio-economic group but lower than that in adult women in Finland (Takkunen, 1976; Fogelholm et al, 1993) , the UK (Reddy & Sanders, 1990) , the USA (Kim et al, 1993) , Canada (Beaton et al, 1989) , France (Fricker et al, 1990) or Ireland (Strain et al, 1994) . In the group L subjects, the observed mean values of blood haemoglobin agree well with previous reported values for women of Bangladesh (Ahmed & Hassan, 1983) . Fifteen years ago, the mean blood haemoglobin concentration in low income rural Bangladeshi women was 111 gal in non-pregnant nonlactating women (n 116), 109 gal in pregnant and lactating women (n 84). In that study they considered pregnant and lactating women in one group and the prevalence of anaemia (cut-off value of blood haemoglobin`120 gal for non-pregnant non-lactating women,`110 gal for pregnant and lactating women) was 74% for non-pregnant nonlactating women and 47% for pregnant and lactating women, respectively. Evidently, the results of the present study suggested that there could have been a similar or a small improvement in haemoglobin levels among the low income non-pregnant non-lactating rural women of Bangladesh during the last 15 y, although there was a deterioration observed in pregnant and lactating subjects.
Anaemia (determined by low haemoglobin level) is not speci®c to iron de®ciency. Anaemia related to iron de®-ciency usually re¯ects a later stage of iron de®ciency (Hercberg et al, 1987) . Considering haemoglobin levels as a measure of iron status leads to many problems in evaluating prevalence studies because other factors such as folate de®ciency, parasitic diseases, chronic infections, etc may be responsible for anaemia and even iron-replete women may have low haemoglobin levels (Yip & Dallman, 1988; Strain et al, 1994) . Due to marked changes in plasma volume and red cell mass in the gestational period, haemoglobin measurements are not reliable during pregnancy (Cook et al, 1992) .
The serum ferritin provides a precise quantitative measure of storage iron. Due to variations in methods used for measurement of serum ferritin, several investigators in Figure 2 (A) The plot of serum ferritin against blood haemoglobin in sub-groups of low socio-economic group. (B) The plot of serum ferritin against blood haemoglobin in sub-groups of high socio-economic group. different European countries have used different cut-off values to indicate complete exhaustion of iron stores which varies from 10 to 17 mgal (Hallberg, 1995) . In the present study 12 mgal was taken as the cut-off value as it is the most commonly used one. If the higher cut-off value had been used in this study to indicate empty iron stores, the prevalence of iron de®ciency may have been markedly higher in both groups. In the present study, the prevalence of iron de®ciency anaemia was high (b 50%) in sub-groups L1 and L3 of the low income group, although it was much lower in sub-group L2. The women in the high income group had a better iron status than the low income group in terms of ferritin value although sub-groups 2 of the two socio-economic groups showed no difference. The proportion of sub-groups H1 and H3 of group H women with empty iron stores (21 and 15%, respectively) agree fairly well with simiiar studies in many European and Nordic countries (Hallberg, 1995) .The mean ferritin concentrations reported for premenopausal vegetarian subjects in developed countries like the USA (Worthington-Roberts et al, 1988), New Zealand (Alexander et al, 1994) , Finland (Outila et al, 1998) were similar to the values for subgroups L1 and L3 women of the present study. The serum ferritin concentrations of sub-groups H1 and H3 of the high socio-economic group were similar to the values in omnivorous subjects in substantial studies in developed countries (Fricker et al, 1990; Borch-Iohnsen et al, 1990; Alexander et al, 1994; Outila et al, 1998; Ball & Bartlett, 1999) . In addition, the serum iron concentrations con®rmed that women in the high socio-economic group have better iron status than the women in the low socio-economic group except for sub-group 2 (pregnant subjects) of the two groups.
There are very little data on serum ferritin values and the prevalence of iron de®ciency among the women of Bangladesh in the two socio-economic groups. Therefore, it is very dif®cult to make any comparisons with or comments on the results of the present study. The only observed similarity in prevalence of iron de®ciency anaemia between sub-group 2 of the two groups could possibly be an improved knowledge of health issues during pregnancy among low income women by extensive circulation of thè Importance of proper nutrition in pregnancy' in the broadcast media, frequent visits of NGO (non-government organisation) workers, and health and family planning workers. Secondly, the sub-group L2 women could probably have taken iron and folate supplementation which they did not report during the study due to fear of losing the bene®ts from this study.
The high prevalence of iron de®ciency in Bangladeshi women could be explained by a low bioavailability of dietary iron compared with high iron requirements. The present study did not explore the causes of anaemia other than iron de®ciency. In this sense, it is very likely that anaemia due to other causes could exist in both groups as information regarding menstrual iron losses, infections and the prevalence of worm infestation was not collected.
However, there was a strong correlation between the blood haemoglobin and serum ferritin concentrations. The typical diet of the low income women of Bangladesh is usually monotonous, consisting of bulky staple (especially rice), a little animal protein and ascorbic acid. However, a low level of serum ferritin was reported also in Finnish vegetarians, although their dietary intake of iron was above the recommended level (Outila et al, 1998) . The results of the present study suggest that iron de®ciency may be common among the women of Bangladesh and the prevalence can be expected to be much higher among women of low income families because their dietary iron is mainly obtained from cereals and their ascorbic acid intake is also lower. A high prevalence of iron de®ciency among low income women of childbearing age has been reported in the US population (Looker et al, 1997) . The results of our study is agree with this observation.
In conclusion, the results of the present study show that anaemia and iron de®ciency are prevalent in Bangladeshi women of high and low socio-economic groups. It shows also the essentiality of combating iron de®ciency among women of different physiological status, especially in low socio-economic group. Iron supplementation combined with other measures which increase the bioavailable iron intake for the whole population could be the suggested strategies to improve iron status.
